INTRODUCTION
============

Contact dermatitis is a frequent inflammatory condition in industrialized countries, with great socioeconomic impact, being one of the most common occupational diseases, mainly in its irritant form. Among the allergic contact dermatites (ACD), those caused by the ion nickel (Ni2+) affect a large part of the general population.^[@r1],[@r2]^

ACD results from the immune activation in persons previously sensitized, leading to the development of effector T-cells specific to the antigen, which are mediators of the cutaneous inflammation, causing tissue injury.^[@r3]-[@r5]^

It is difficult to prevent exposure to Ni2+ since it is present in many common objects for daily use, such as clothing ornaments, jewelry, keys, coins, household utensils, cosmetics, mobile phones, among others.^[@r6]^

Ni2+ penetrates the skin and activates epithelial cells that produce cytokines and chemokines. Afterwards, there are hyper-reactive immune responses that involve the activation of T-cells and antigen-presenting cells (APCs), such as cutaneous dendritic cells (DCs),^[@r7]-[@r9]^ whose main role is to recognize and process external antigens and migrate to the draining lymph nodes (dLNs).^[@r3],[@r4]^ Such process gives rise to antigen-specific T-CD8+ and CD4+, differentiating into effectors T *helper* 1 (Th1), T *helper* 17 (Th17) and cytotoxic T lymphocytes (CTLs).^[@r3],[@r10],[@r11]^ At the same time, regulatory T-CD4+ cells (Tregs), secreting IL-10 develop, inhibiting ACD\'s inflammatory process and mediating tolerance in non-allergic individuals.^[@r12]-[@r14]^ Contact allergy is the result of the interaction between environment exposures and individual susceptibility, and only a fraction of the individuals exposed will become sensitized. The clinical signs of ACD inflammation develop with subsequent exposures.^[@r3],[@r15]^

The analysis of cytokine production by Ni2+-specific T-cells demonstrated a mixed profile of cytokines.^[@r16]^ *In vitro* response to Ni2+ was demonstrated involving the activation of Ni2+-specific T-cells, followed by the proliferation and induction of Th1/Tc1 (IL-2 and IFN-γ), Th2 (IL-4, IL-5, IL-9 and IL-13), Th17/Tc17 (IL-17A, IL-17F, IL-21, IL-22 and IL-26) cytokines and regulatory cytokines such as IL-10, in the peripheral blood.^[@r16]-[@r18]^ The stimulus for the differentiation of Th17 cells occurs through pro-inflammatory cytokines such as IL-23, secreted by DCs and macrophages, that stimulate and maintain the production of IL-17, IL-6 and TNF-α. TNF-α can be secreted by activated macrophages, keratinocytes, T lymphocytes and NK (Natural Killer) or monocytes. It is capable of causing keratinocyte apoptosis and has a pro-inflammatory effect.^[@r18],[@r19]^

The objective of this study was to study the cytokines acting on Ni2+ ACD using the immunohistochemistry technique to try to identify its prevalence both in chronic eczema triggered by the daily contact of the patient with Ni2+ and the acute eczema triggered by contact tests (CT) with nickel sulfate (NiSO4).

METHODS
=======

The research was an observational, uncontrolled, prospective, non-randomized and nonblinded, conducted from 2013 to 2016. Twenty patients with chronic eczema and past history of Ni2+ ACD were assessed. The group analyzed was selected from April 2013 to April 2014 and comprised 17 women and 3 men, between 22 and 75 years of age (median age of 46 years). The study was approved by the Committee of Ethics in Research of the Hospital das Clínicas, Universidade Federal de Goiás - UFG (protocol CAAE 01330712.8.0000.5078).

The patients should fulfill the following criteria to be included: have chronic eczema to Ni2+ in any part of the body; be male or female; be older than 18 years; have chronic eczema to Ni2+ in areas other than the area of application of the contact test (back); have no cutaneous lesions on the back (inflammatory or non-inflammatory); have not used topical or systemic steroids up to 3 weeks before the application of the CT and have not exposed the back to the sun for up to 2 weeks before the application of the CT; and have no history of atopy (chronic pruritus, rhinitis, asthma and family history of atopy). The exclusion criteria considered: any adverse event (any unfavorable sign or symptom) after application of the CT; removal of the CT earlier than 48 hours after its application; CTs that got wet; active phase of ACD; pregnant women and those breastfeeding; refusal of the patient in removing the hairs of the back, when necessary; a patient who was unsure of having a CT, even after signing the consent form.

Contact tests were performed using the Brazilian Standard Series, *Patchkit Standard New Generation*® (standardized by the *Grupo Brasileiro de Estudo em Dermatite de Contato* (GBEDC)), comprised of 30 substances allocated into strips (Finn Chamber® aluminum chambers (Epitest Ltd, Finland)) and applied onto healthy skin on the back of the patients.^[@r20]^ The patient returned after 48 hours, when the CT was removed and the first reading was performed. After 96 hours the second reading was performed, being the preparation, application, and both readings performed by a single examiner. Reading criteria adopted were those defined by the International Contact Dermatitis Research Group (ICDRG): negative (-); doubtful (?); weak positive (+), light erythema with some papules; strong positive (++), erythema, papules and vesicles; extreme (+++), intense erythema, papules and coalescing vesicles.^[@r21],[@r22]^

Two skin biopsies were taken from each of the 20 patients: the first from the area of chronic eczema to Ni2+, before applying the CT; and the second from the area of the acute eczema triggered by CT with NiSO4, 48 hours after its application with the readings strong positive (++) or extreme (+++). The samples were preserved in formaldehyde and sent to the laboratory. The tissue sections were placed on microscopy slides and the control tissue was placed on the same slide to validate the reaction and maintain quality standards.

Immunohistochemistry was performed for the following cytokines: tumor necrosis factor alpha (TNF-α), interferon gamma (INF-γ) and interleukins (IL-2, IL-4, IL-10, IL-13, IL-17 and IL-23) in 160 slides of acute eczema and 160 slides of chronic eczema, with a total of 320 slides.

Immunohistochemistry titers were standardized from the references indicated on the labels of the reagents and were diluted (increasing or decreasing concentration) until they reached a clearer pattern. The staining steps consisted in: washing with buffer; endogenous peroxidase blockage (to activate enzymes present in the tissue/cell, that could react with another substrate and interfere with the reaction); washing with buffer; protein blockage (applies only to IL-10) to reduce background staining; primary antibody: dilution with background reducing diluent specific for each antibody (IL-2 1:500, IL-4 1:1000, IL-10 1:15000, IL-13 1:800, IL-17 1:100, IL-23 1:100, IFN-γ 1:500 and TNF-α was diluted in BSA 1%); washing with buffer; linker (applied for IL-4, IL-13, IL-17 and IL-23): secondary reagent that amplifies the signal of the primary antibody; washing with buffer; polymer: reagent that allowed linking of up to 20 antibody molecules per base structure; washing with buffer; chromogenic substrate: DAB (diaminobenzidine) generated a bright-brown end product on the area of the target antigen; washing with distilled water and buffer; counterstaining: hematoxylin, reagent of histological staining to visualize nuclei in tissue sections and cell preparations; washing with distilled water, buffer and distilled water.^[@r23],[@r24]^

The samples were analyzed quantitatively, considering the area of eight fields (papillary/upper dermis) photographed with a photomicroscope with a x40 magnification. The camera AxioCam MR3 and the program AxioVision 4.8 were used, attached to a Zeiss microscope with a x40 magnification. The immunomarked area was measured by the color intensity of the immunohistochemistry reaction with the program Image ProPlus 4. Data obtained were tabulated in a Microsoft Excel 2007 spreadsheet, and the immunomarked area was compared to the area studied in the fields, and a relationship in percentages between the areas was obtained.

Statistical analyses were performed using the statistics software STATA version 13. Cytokines displayed an asymmetrical probability distribution and the median was the best indicator to summarize the data. Methodologies used were Shapiro-Wilks test to evaluate if the data came from a normal probability distribution and the non-parametric test of Mann-Whitney verified if the prevalences were similar among chronic and acute eczemas by comparing their medians.^[@r25]-[@r27]^ The level of significance applied for the tests was of 0.05.

RESULTS
=======

The study was conducted using immunohistochemistry for eight cytokines in 20 cases of Ni2+ ACD, both in the samples of chronic eczema, triggered by the daily contact of the patient with Ni2+, and acute eczema, after 48 hours of the application of the CT. only three slides were excluded for some technical error. The marked samples were positive for cytokines TNF-α, INF-γ, IL-2, IL-4, IL-10, IL-13, IL-17 and IL-23 ([Figure 1](#f1){ref-type="fig"} and [Table 1](#t1){ref-type="table"}).

Figure 1Immunohistochemistry. The stained samples showed yielded results. **A -** TNF-α, chronic eczema; **B -** INF-γ, chronic eczema; **C -** IL-2, acute eczema; **D -** IL-4, chronic eczema; **E -** IL-10, chronic eczema; **F -** IL-13, chronic eczema; **G -** IL-17, chronic eczema and **H -** IL-23, acute eczema. Stain: DAB; counterstain: Hematoxylin (x400)

###### 

Quantitative analysis of immunohistochemistry reactions for eight cytokines (IFN-γ, IL-2, IL-4, IL-10, IL-13, IL-17, IL-23 and TNF-α), in 320 slides (160 of chronic eczema and 160 of acute eczema, caused by nickel) - 2013 to 2016

  n    Type of eczema   IFN-γ     IL-2     IL-4       IL-10         IL-13      IL-17     IL-23         TNF-α
  ---- ---------------- --------- -------- ---------- ------------- ---------- --------- ------------- -------------
  1    Chr eczema       0.737%    0.950%   0.21736%   0.0000%       0.32880%   0.2097%   0.0506%       0.0000%
       Ac eczema        0.468%    0.356%   0.11655%   0.0000%       0.01192%   0.3323%   0.1853%       0.1880%
  2    Chr eczema       0.534%    0.342%   3.13765%   0.0040%       0.04453%   1.1653%   0.1693%       0.0000%
       Ac eczema        3.952%    0.819%   3.20573%   0.0378%       0.84125%   5.6904%   0.4186%       0.3678%
  3    Chr eczema       0.108%    1.452%   0.32544%   0.0000%       0.00000%   0.0770%   0.0006%       0.9725%
       Ac eczema        0.451%    1.755%   3.59343%   0.0000%       0.00000%   0.2111%   0.0664%       0.0000%
  4    Chr eczema       0.059%    0.032%   0.44645%   0.0000%       0.0000%    0.1743%   0.0000%       0.0000%
       Ac eczema        0.546%    0.771%   0.0000%    0.0000%       0.08509%   0.5510%   0.0327%       1.6624%
  5    Chr eczema       0.607%    0.909%   0.19518%   0.4680%       0.22678%   0.1789%   0.2823%       0.6662%
       Ac eczema        0.882%    1.682%   0.04640%   0.0000%       0.00074%   0.7116%   0.4925%       2.1741%
  6    Chr eczema       0.604%    1.104%   1.61041%   0.3669%       0.44522%   0.7280%   0.4121%       1.4677%
       Ac eczema        1.308%    1.119%   0.47994%   0.3017%       0.25747%   0.9331%   0.7674%       0.2112%
  7    Chr eczema       0.382%    0.869%   0.34805%   0.2047%       0.47952%   1.6346%   0.0494%       1\. 4763%
       Ac eczema        0.047%    0.046%   0.00638%   0.0107%       0.0127%    0.0160%   0.0690%       0.1836%
  8    Chr eczema       0.118%    0.884%   0.37876%   0.0000%       0.0000%    0.3121%   0.0030%       0.0000%
       Ac eczema        0.021%    0.060%   0.01825%   0.0250%       0.0000%    0.3204%   10.5497%      0.0000%
  9    Chr eczema       0.148%    0.325%   0.22387%   *\-\-\-\--*   0.16626%   0.2631%   0.1423%       *\-\-\-\--*
       Ac eczema        0.027%    0.169%   0.0000%    0.0000%       0.0000%    0.0333%   0.1206%       2.0736%
  10   Chr eczema       0.389%    0.248%   0.86027%   0.1510%       0.17505%   0.2001%   0.0967%       1.2447%
       Ac eczema        0.013%    0.713%   1.59446%   0.0032%       0.0000%    0.0911%   0.1775%       0.0000%
  11   Chr eczema       0.0000%   0.197%   0.0000%    0.0000%       0.0000%    0.1429%   0.0000%       1.9661%
       Ac eczema        0.319%    0.319%   0.02268%   0.0000%       0.0000%    0.1357%   0.0143%       3.1056%
  12   Chr eczema       0.000%    0.020%   0.48917%   0.0000%       0.0000%    0.1172%   0.1371%       1.1221%
       Ac eczema        1.773%    0.438%   1.64413%   0.0000%       0.0000%    0.1204%   0.2050%       0.0000%
  13   Chr eczema       0.035%    0.080%   0.04448%   0.0000%       0.18823%   0.1052%   0.0738%       1.0274%
       Ac eczema        0.215%    0.601%   0.06427%   0.0215%       0.0000%    0.1374%   0.2862%       0.6652%
  14   Chr eczema       0.536%    0.204%   0.09632%   0.0412%       0.10718%   0.1065%   0.1261%       0.2513%
       Ac eczema        0.068%    0.265%   0.04844%   0.1167%       0.02419%   0.0696%   0.0334%       0.0511%
  15   Chr eczema       0.519%    0.221%   0.28177%   0.0126%       1.29387%   0.5373%   0.0000%       2.2824%
       Ac eczema        0.001%    0.136%   0.14102%   0.0046%       0.0000%    0.0301%   0.0000%       0.0000%
       Chr eczema       0.286%    0.318%   0.10705%   0.1545%       0.03365%   0.3748%   0.1230%       1.2960%
  16   Ac eczema        0.116%    0.027%   0.02668%   0.0000%       0.0000%    0.0937%   0.0760%       2.8711%
       Chr eczema       0.187%    0.228%   0.04855%   0.0207%       0.0000%    1.0891%   0.0000%       0.0000%
  17   Ac eczema        0.133%    2.673%   0.0000%    0.0223%       0.02783%   0.1344%   0.0274%       0.4137%
       Chr eczema       0.498%    0.393%   0.37860%   0.2112%       0.16018%   0.4355%   0.2590%       0.5967%
  18   Ac eczema        0.087%    0.144%   0.02491%   0.0089%       0.00620%   0.0757%   0.0998%       0.0000%
       Chr eczema       0.367%    0.940%   0.07814%   0.0082%       0.00712%   0.1361%   0.1099%       2.3796%
  19   Ac eczema        0.000%    0.469%   0.00000%   0.0217%       0.0000%    0.0673%   *\-\-\-\--*   1.5081%
       Chr eczema       0.213%    1.941%   0.27333%   0.0610%       0.01930%   0.0841%   0.0684%       2.8617%
  20   Ac eczema        0.082%    0.108%   0.01537%   0.0490%       0.01103%   0.0257%   0.0154%       0.1261%

Source: Data collected by the author.; N: Number of cases; INF-γ: Interferon gamma; TNF-α: Tumor necrosis factor alpha; IL: Interleukin. Chr eczema: Chronic eczema; Ac eczema: Acute eczema.

The cytokines studied showed heterogeneous values demonstrated by the coefficient of variation (CV), that indicated the variability of the group of data obtained. The main descriptive statistics for each cytokine according to the type of eczema are shown in [Table 2](#t2){ref-type="table"}.

###### 

Descriptive statistics of eight cytokines (IFN-γ, IL-2, IL-4, IL-10, IL-13, IL-17, IL-23 and TNF-α), evaluated by the immunohistochemistry technique in chronic and acute eczemas triggered by nickel in 20 patients - 2013 to 2016

  Cytokine   Type of eczema                                                              
  ---------- ---------------- ------ ------ ------ ------ --- ---- ------ ------- ------ ------
  IFN-γ      20               0.00   0.74   0.33   0.73       20   0.00   3.95    0.12   1.78
  IL-2       20               0.02   1.45   0.32   0.85       20   0.03   2.67    0.40   1.10
  IL-4       20               0.00   3.14   0.28   1.51       20   0.00   3.59    0.04   1.97
  IL-10      19               0.00   0.47   0.01   1.53       20   0.00   0.30    0.01   2.23
  IL-13      20               0.00   1.29   0.08   1.64       20   0.00   0.84    0.00   3.01
  IL-17      20               0.08   1.17   0.19   0.97       20   0.02   5.69    0.13   2.55
  IL-23      20               0.00   0.41   0.09   1.05       19   0.00   10.55   0.10   3.33
  TNF-α      19               0.00   2.86   0.97   0.94       20   0.00   3.11    0.20   1.34

Source: Data collected by the author. N: Number of cases; CV: Coefficient of variation.

TNF-α had a higher prevalence in chronic eczema (median=0.97), when compared to acute eczema (median=0.20), being the most prevalent cytokine in chronic eczema ([Table 2](#t2){ref-type="table"}). There was a higher heterogeneity of values for acute eczema (CV=1.34), when compared to chronic (CV=0.94), with the absence of atypical values ([Figure 2](#f2){ref-type="fig"} and [Table 2](#t2){ref-type="table"}).

Figure 2Boxplots. **A -** TNF-α and IFN-γ, higher prevalence in chronic eczema; TNF-α, higher heterogeneity of the values in acute eczema, with the absence of atypical values; IFN-γ, higher heterogeneity of the values in acute eczema, with three atypical values. **B -** IL-2, higher prevalence and heterogeneity of the values in acute eczema, with one atypical value; IL-4, higher prevalence in chronic eczema and higher heterogeneity of the values in acute eczema, with four atypical values. **C -** IL-10, similar prevalence in acute and chronic eczemas and higher heterogeneity of the values in acute eczema, with two atypical values; IL-13, higher prevalence in chronic eczema and higher heterogeneity of the values in acute eczema, with three atypical values. **D -** IL-17, higher prevalence in chronic eczema and higher heterogeneity of the values in acute eczema, with two atypical values; IL-23, higher prevalence and heterogeneity of the values in acute eczema, with two atypical values

IFN-γ prevalence was higher in chronic eczema (median=0.33), when compared to acute eczema (median=0.12) ([Table 2](#t2){ref-type="table"}). The heterogeneity of the values was higher in acute eczema (CV=1.78), with the presence of three atypical values ([Figure 2](#f2){ref-type="fig"} and [Table 2](#t2){ref-type="table"}).

IL-2 showed a higher prevalence in acute eczema (median=0.40) than in chronic (median=0.32), being the most prevalence cytokine in acute eczema ([Table 2](#t2){ref-type="table"}). A higher heterogeneity of the values in acute eczema was also observed (CV=1.10), with the presence of one atypical value ([Figure 2](#f2){ref-type="fig"} and [Table 2](#t2){ref-type="table"}).

There was a higher prevalence of IL-4 in chronic eczema (median=0.28), when compared to acute eczema (median=0.04) ([Table 2](#t2){ref-type="table"}). In regard to the heterogeneity of the values, it was higher in in acute eczema (CV=1.97), with four atypical values ([Figure 2](#f2){ref-type="fig"} and [Table 2](#t2){ref-type="table"}).

IL-10 had a similar prevalence, both in acute and chronic eczema (median=0.01) ([Table 2](#t2){ref-type="table"}). The heterogeneity of the values was higher in acute eczema (CV=2.23), with the presence of two atypical values ([Figure 2](#f2){ref-type="fig"} and [Table 2](#t2){ref-type="table"}).

IL-13 had a higher prevalence in chronic eczema (median=0.08) and in acute eczema, the estimated prevalence was very low, near zero (median=0.00) ([Table 2](#t2){ref-type="table"}). However, there was a higher heterogeneity of the values in acute eczema (CV=3.01), with the presence of three atypical values ([Figure 2](#f2){ref-type="fig"} and [Table 2](#t2){ref-type="table"}).

IL-17 prevalence was higher in chronic eczema (median=0.19) than in acute (median=0.13) ([Table 2](#t2){ref-type="table"}). The higher heterogeneity of the values was in acute eczema (CV=2.55), with two atypical values ([Figure 2](#f2){ref-type="fig"} and [Table 2](#t2){ref-type="table"}).

IL-23 had a higher prevalence in acute eczema (median=0.10), when compared to chronic eczema (median=0.09) ([Table 2](#t2){ref-type="table"}). There was also a higher heterogeneity of the values in acute eczema (CV=3.33), with two atypical values ([Figure 2](#f2){ref-type="fig"} and [Table 2](#t2){ref-type="table"}).

In the comparison between the medians to verify if the prevalence of each cytokine was similar in chronic and acute eczemas, we observed that, statistically and for a significance level of 0.05 (*p-value*\<0.05), IL-4 (*p-value*\<0.03) and IL-13 (*p-value*\<0.03) medians were different in chronic and acute eczemas. However, it was not possible to establish any differences in the values of the medians for the cytokines IFN-γ, IL-2, IL-10, IL-17, IL-23 and TNF-α ([Table 3](#t3){ref-type="table"}).

###### 

Comparison of the medians of eight cytokines (IFN-γ, IL-2, IL-4, IL-10, IL-13, IL-17, IL-23 and TNF-α) in chronic and acute eczemas triggered by nickel - 2013 to 2016

  Cytokine   *p-value*
  ---------- -----------
  IFN-γ      0.5338
  IL-2       0.8924
  IL-4       0.0303
  IL-10      0.3546
  IL-13      0.0336
  IL-17      0.0884
  IL-23      0.2375
  TNF-α      0.4775

Source: Data collected by the author.*p-value*\<0.05 there was difference between the medians.

DISCUSSION
==========

Cytokines are important determinants and modulators in immunological conditions, suggesting a central role of antigen-specific cytokines in ACD. In particular, those types secreted by specific Ni2+ T-cells control the expression of ACD to Ni2+.^[@r28]^ The cytokine pattern generated can vary, depending on the specific Ni2+ T-cell clones involved in the inflammatory reaction.^[@r29]^ Studies demonstrated that, in the skin with contact eczema, there are differences in the cytokine profile according to the timeline of occurrence of the many participating T-cells.^[@r30]^

In our study, TNF-α was more prevalent in chronic eczema than in acute eczema, being the most prevalent cytokine in chronic eczema as a consequence of the persistent inflammation that progresses to chronicity after repeat contact with Ni2+. However, this higher prevalence in chronic eczema was not statistically significant. TNF-α produced mainly by macrophages but keratinocytes, monocytes, neutrophils, T lymphocytes and NK cells also produce it. It has anti-inflammatory properties and can be associated to allergic and irritant contact dermatitis.^[@r19],[@r31]^ In the elicitation phase of ACD, TNF-α induces keratinocyte apoptosis and activates vascular endothelial cells in order for them to express adhesion molecules such as ICAM-1 and P-/E-selectin, which guide T-cells in the blood to migrate into tissues, contributing to the local inflammatory process caused by Ni2+.^[@r3],[@r32]^

Our data demonstrate that IL-2 had a higher prevalence in acute eczema than in chronic, being the most prevalent cytokine in acute eczema in the biopsy taken 48 hours after provocation with NiSO4. However, this higher prevalence in acute eczema was not statistically significant. There are reports in the literature that IL-2 is a cytokine released in the initial phase of the immune response in patients allergic to Ni2+ and suggestions of positive correlations between the production of IL-2 and the severity of the cutaneous inflammation. ^[@r29],[@r33]^ Studies in stimulated mononuclear cell cultures in the peripheral blood of patients allergic to Ni2+ yielded significant amounts after 24 hours.^[@r34]^ IL-2 is produced by CD4+ T-cells and acts on the cells that produce it, i.e., it acts as an autocrine growth factor. It stimulates growth, differentiation and proliferation of T and B lymphocytes (antibody formation) and NK cells (favoring their cytolytic activity) and is responsible for the clonal expansion of lymphocytes specific to the antigen that is being presented.^[@r35]^

Our data showed a higher prevalence of IFN-γ, IL-4 and IL-13 in chronic eczema, which is frequently triggered by re-exposure to Ni2+. These prevalences were statistically significant for IL-4 and IL-13; which did not apply to IFN-γ. In our study, biopsies in acute eczemas were collected 48 hours after provocation with NiSO4, from a skin that was never in contact with the antigen, and IFN-γ, IL-4 and IL-13 had low prevalences, probably because they would need more time to be produced. The literature demonstrates that, in stimulated mononuclear cell cultures from the peripheral blood of patients allergic to Ni2+, increased levels of IL-4 were produced after 72 hours.^[@r34]^ A study with skin of mice with chronic contact hypersensitivity, demonstrated increased accumulation of IFN-γ-producing resident memory antigen-specific CD8+ T-cells.^[@r16],[@r36],[@r37]^ In allergic individuals, there is a proliferative Ni2+-specific T-cell response in contrast to non-allergic patients, and also the production of IFN-γ, IL-4 and IL-13, indicating a mixed Th1 and Th2 cytokine pattern in individuals allergic to Ni2+.^[@r34],[@r37]^

IL-13 is a cytokine similar to IL-4, and the cell receptor that recognizes IL-13 can bind IL-4 to IL-13 with high affinity. Therefore, these two interleukins share biological effects.^[@r38]^ The number of IL-4-producing cells correlates with the number of IL-13-producing cells, suggesting a synergy between Th2-type cytokines.^[@r34]^

Our data demonstrate that IL-10 had a similar prevalence in acute and chronic eczemas. However, these prevalences were very low in both eczemas. Therefore, the lack of negative regulation of proinflammatory cytokines favored the persistence of the cutaneous inflammatory reaction in chronic eczema frequently triggered by Ni2+. Yet, it was not possible to establish a statistical difference of the prevalences in chronic and acute eczemas and, although the prevalences were very close, due to the heterogeneity of the values we cannot statistically affirm that these prevalences were equal. IL-10 was identified as a potent anti-inflammatory cytokine produced by Tregs cells, negatively regulating the expression of necessary molecules for adequate antigen presentation and controlling the activity of CD8+ effectors. It shows a regulatory activity in the sensitization and elicitation phases of ACD, contributing for the control of the immune response to Ni2+.^[@r14],[@r39],[@r40]^ Ni2+-specific Tregs cell clones from non-allergic individuals produce higher levels of IL-10 than those from allergic patients.^[@r7]^

Our data demonstrate that IL-17 was more prevalent in chronic eczema than in acute eczema. Thus, being a proinflammatory mediator, chronic lesions are frequently exacerbated, resulting in an intense and sustained cutaneous inflammatory reaction. Nevertheless, this higher prevalence in chronic eczema was not statistically significant. The literature demonstrates that, as with IFN-γ, IL-17 in involved in the regulation of cutaneous allergic conditions and inflammation in ACD is prone to be triggered and sustained by the proinflammatory effects of IL-17A/IL-17F and other cytokines produced by Th17/Tc17 antigen-specific T-cells.^[@r18],[@r37],[@r41],[@r42]^

Immunohistochemistry performed in skin biopsies after 24, 48, 72 and 96 hours of a positive CT to NiSO4, showed that, after 24 hours, IL-17 did not increase significantly, but did show an increase after 48 and 72 hours and also numerous intraepidermal IL-17+ cells were seen after 96 hours, mainly distributed on the area of intense tissue damage (epidermal spongiosis and microvesiculation).^[@r33],[@r37],[@r41]^

Our data showed positivity for IL-23, with a higher prevalence in acute eczema when compared to chronic eczema. Nonetheless, this prevalence was not statistically significant. IL-23 is produced by macrophages and DCs and is important for the development of the effector activity of Th17 cells, promoting the expression and maintenance of IL-17 and TNF-α production.^[@r19],[@r42],[@r43]^ Thus, it acts on the development of the inflammation in the dermis and acanthosis in the epidermis that occur in ACD. This was demonstrated in IL-23-defficient mice, who had an impaired contact hypersensitivity reaction.^[@r42]^

CONCLUSION
==========

With the analysis of the cytokines TNF-α, INF-γ, IL-2, IL-4, IL-10, IL-13, IL-17 and IL-23 in chronic and acute eczemas of Ni2+-ACD patients, we observed the presence of a pattern of mixed T-cell subtypes cytokines (Th/Tc), suggesting that the responses are expressed simultaneously. TNF-α, IFN-γ, IL-4, IL-13 and IL-17 had higher prevalence in chronic eczema; IL-2 and IL-23 in acute eczema and IL-10 had similar prevalence in both eczemas. We observed that the higher prevalence of IL-4 and IL-13 in chronic eczema was statistically significant, even though it was not possible to establish statistical significance of the higher prevalence of IFN-γ, IL-17 and TNF-α in chronic eczema and of IL-2 and IL-23 in acute eczema. And, due to the heterogeneity of the values, we cannot state that there the prevalences for IL-10 were statistically equal.

However, more studies are needed for a broader understanding of the cytokine profile in Ni2+ ACD, what could lead to new therapeutic approaches.
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